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(54) Propylene polymer pipes for pipelines 



(57) Single- or multilayer propylene polymer pipes 
and pipe components for pipelines with improved resist- 
ance to rapid crack propagation made from a propylene 
homopolymer with a melt index of 0.05 to 10 g/10 min 
at 230°C/2.16 kg or propylene block copolymer from 
90.0 to 99.9 wt% of propylene and 0.1 to 1 0.0 wt% of cc- 
olefins with 2 or 4 to 1 8 carbon atoms with a melt index 
of 0.05 to 8 g/1 0 min at 230°C/2.1 6 kg or mixtures there- 
of, wherein the propylene homopolymers or propylene 
block copolymers are p-nucleated propylene polymers, 
and the propylene polymer pipes for pipelines made 
from the p-nucleated propylene homopolymers have a 



rapid crack propagation characterized by a critical tem- 
perature of -5 to + 40°C and a critical pressure >3 bar 
below the critical temperature and the propylene poly- 
mer pipes made from p-nucleated propylene block co- 
polymers have a rapid crack propagation characterized 
by a critical temperature of -25 to 0°C and a critical pres- 
sure >3 bar below the critical temperature. 

The propylene polymer pipes with improved resist- 
ance to rapid crack propagation are suitable for the 
transportation of fluids and pressurized fluids such as 
natural gas, water and the like. 
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Description 

Background of the invention 

5 [0001] The invention relates to propylene polymer single or multilayer pipes for pipelines with improved resistance 
to rapid crack propagation as well as to a process for producing them. 

[0002] Olefin polymer pipes for pipelines consisting of ethylene polymers (Conference Papers "Plastic Pipeline Sys- 
tems for the Millenium" Goteborg 1998, p. 841-842) or propylene block copolymers (Conference Papers "Plastic Pipe- 
line Systems for the Millenium" Goteborg 1998, p. 611-620, 841-842) are known. 
10 [0003] The disadvantage of pipelines made from conventional polypropylene pipes is the insufficient resistance 
against rapid crack propagation in pressure applications at and below room temperature or even below temperatures 
up to 40°C. Any small crack formed may propagate many kilometers causing complete destruction of the pipeline with 
obvious danger to the public. For a service temperature of for example 0°C, pipelines made of conventional polypro- 
pylene pipes have a critical pressure of approximately 1 bar, which is considerably below the normal service pressure . 

15 

Object of the invention 

[0004] It is the object of the present invention to provide propylene polymer pipes for pipelines and pipeline compo- 
nents such as fittings, electrofusion fittings and valves including electrofusion valves with improved resistance to rapid 
20 crack propagation for pressure applications at temperatures below room temperature and particularly also below the 
freezing point. 

Brief Description of the invention 

25 [0005] According to the present invention, this object is achieved by propylene polymer pipes for pipelines with im- 
proved resistance to rapid crack propagation comprising a propylene homopolymer with a melt index of 0.05 to 8 g/1 0 
min at 230°C/2.16 kg or propylene block copolymers from 90.0 to 99.9 wt% of propylene and 0.1 to 10.0 wt% of a- 
olefins with 2 or 4 to 18 carbon atoms with a melt index of 0.05 to 8 g/10 min at 230°C/2.16 kg or mixtures thereof, 
wherein the propylene homopolymers or propylene block copolymers are p-nucleated propylene polymers, and the 

30 propylene polymer pipes for pipelines made from the p-nucleated propylene homopolymers have a rapid crack prop- 
agation characterized by a critical temperature of -5 to + 40 °C and a critical pressure >3 bar below the critical tem- 
perature and the propylene polymer pipes made from p-nucleated propylene block copolymers have a rapid stress 
propagation characterized by a critical temperature of - 25 to 0 °C and a critical pressure >3 bar below the critical 
temperature. 

35 

Detailed description of the invention 

[0006] p-nucleated propylene polymers are isotactic propylene polymers composed of chains in a 3i helical confor- 
mation having an internal microstructure of p-form spherulites being composed of radial arrays of parallel stacked 
40 lamellae. This microstructure can be realized by the addition of p-nucleating agents to the melt and crystallization. The 
presence of the p-form can be detected through the use of wide angle X-ray diffraction (Moore, J., Polypropylene 
Handbook, p. 134-135, Hanser Publishers Munich 1996). 

[0007] Critical temperature and critical pressure are the important safety parameters for pressurized pipelines. 
[0008] The critical temperature is the temperature, above which it is not possible to produce rapid crack propagation 
45 in pressurized pipelines. The critical temperature can be determined according to the S4 (Small Scale Steady State) 
Test described in ISO 13477,1997. 

[0009] The critical pressure is the pressure, under which it is not possible to produce rapid crack propagation (RCP) 
in pressurized pipelines. The critical pressure is determined at a temperature below the critical temperature as de- 
scribed in ISO 13477,1 997. In case the RCP test is difficult to perform (dimension of the pipe or design of pipe com- 
50 ponents) the test according to ISO 13477 should be performed with test pipes with a diameter of 110 mm and a wall 
thickness of 10 mm manufactured of the same material. Alternatively pipes can be manufactured by milling the pipe 
or pipe component and further extruding test pipes with diameter of 1 1 0 mm and a wall thickness of 1 0 mm as described 
and tested according to ISO 13477, 1997. 

[0010] That is, the lower the critical temperature is, and the higher the critical pressure is, the safer the pipeline is. 
55 [0011] The propylene homopolymers and the propylene copolymers according to the present invention have melt 
indices of 0.05 to 8 g/10 min at 230°C/2.16 kg, preferably 0.1 to 3 g/10 min at 230°C/2.16 kg, most preferably 0.2 to 
3 g/10 min at 230°C/2.16 kg. 

[001 2] The single- or multilayer pipes produced by using the propylene homopolymers of the present inventions have 
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a critical temperature of -5 to +40°C, preferably -5 to +20°C, more preferably -5 to +1 0 °C, most preferably -5 to +5°C. 
[0013] The single- or multilayer pipes produced by using the propylene copolymers of the present inventions have 
a critical temperature of -25 to 0°C, preferably -25 to -5°C, more preferably -25 to -1 0°C, most preferably -25 to -1 5°C. 
[0014] The single- or multilayer pipes produced by using the propylene homo- and/or copolymers of the present 
5 inventions have a critical pressure of >3 bar, preferably >4 bar, most preferably >5bar below the critical temperature. 
[0015] Preferably the critical pressure is determined 5°C below the critical temperature. 

[0016] According to an advantageous embodiment of the present invention, the p-nucleated propylene polymers 
used for producing the single- or multilayer pipes and pipe components are p-nucleated propylene homopolymers 
having an IRt >0.98, a tensile modulus >1500 MPa and a Charpy impact strength, of >3 kJ/m 2 at -20°C using notched 
10 test specimens or the (3-nucleated propylene block copolymers having an I Rt of the propylene homopolymer block of 
>0.98, a tensile modulus >1 1 00 MPa and a Charpy impact strength at -20°C of >6 kJ/m 2 using notched test specimens. 
[0017] The IRt of the propylene polymers is measured by Infrared spectroscopy and calculated as described in EP 
0 277 514 A2 on page 3. 

[0018] According to the present invention the propylene homopolymers show a tensile modulus >1500 MPa, preter- 
ms ably >1 600 MPa and the propylene copolymers show a tensile modulus >1 1 00 MPa, preferably >1 300 MPa and most 
preferably >1 500 MPa. 

[0019] The propylene homopolymers according to the present invention have a Charpy impact strength of >3 kJ/m 2 
at -20°C, preferably 4 to 1 0 kJ/m 2 at -20°C, most preferably 5 to 1 0 kJ/m 2 at -20°C. 

[0020] The propylene copolymers according to the present invention have a Charpy impact strength of >6 kJ/m 2 at 
20 -20°C, preferably >9kJ/m 2 at -20°C, most preferably >10 kJ/m 2 at -20°C. Charpy impact strength of up to at least 60 
kJ/m 2 is possible for copolymers according to the invention. 

[0021] According to an advantageous feature of the present invention, the p-nucleated propylene polymers used for 
the single- or multilayer pipes and pipe components with an IRt >0.98 are propylene polymers obtained by polymeri- 
zation with a Ziegler-Natta catalyst system comprising titanium-containing solid components, an organoalumina, mag- 
25 nesium or titanium compound as cocatalyst and an external donor according to the formula 

R x R' y Si(MeO) 4 . x . y 

30 wherein R and R 1 are identical or different and are branched or cyclic aliphatic or aromatic hydrocarbon residues, and 
y and x independently from each other are 0 or 1 , provided that x + y are 1 or 2. 

[0022] Examples of propylene polymers with high stereospecifity (e.g. IRt values) obtained by polymerization with 
a Ziegler-Natta catalyst system are propylene polymers as described in EP-A-0 790 262, WO 99/24478 and WO 
99/16797. 

35 [0023] A preferred external donor of the Ziegler-Natta catalyst system for producing the propylene polymers suitable 
for the inventive propylene polymer to be used in the production of pipes and pipe components is dicyclopentyldimeth- 
oxysilane. 

[0024] According to a preferred embodiment the p-nucleated propylene polymer of the inventive propylene polymer 
pipes contains 0.01 to 2.0 wt%, in each case based on the propylene polymers used, of 

40 

dicarboxylic acid derivative type diamide compounds from C 5 -C 8 -cycloalkyl monoamines or C 6 -Ci 2 -aromatic 
monoamines and C 5 -C 8 -aliphatic, C 5 -C 8 -cycloaliphatic or C 6 -C 12 -aromatic dicarboxylic acids, preferably N,N'- 
di-C 5 -C 8 -cycloalkyl-2,6-naphthalene dicarboxamide compounds, N,N'-di-C 5 -C 8 -cycloalkyl-4,4-biphenyldicarboxa- 
mide compounds, N,N'-di-C 5 -C 8 -cycloalkylterephthalamidecompounds, N,N , -di-C 5 -C 8 -cycloalkyl-1 ,4-cyclohexan- 

45 edicarboxamide compounds and/or N,N'-di-C 6 -Ci 2 -aryl-C 5 -C 8 -diamide compounds; and/or 

diamine derivative type diamide compounds from C 5 -C 8 -cycloalkyl monocarboxylic acids or C 6 -C 12 -aromatic 
monocarboxylic acids and C 5 -C 8 -cycloaliphatic or C 6 -C 12 -aromatic diamines, preferably N,N'-C 6 -C 12 -arylene-bis- 
benzamide compounds, N,N'-C 5 -C 8 -cycloalkyl-bis-benzamide compounds, N,N'-p-C 6 -C 12 -arylene-bis-C 5 -C 8 -cy- 
cloalkylcarboxamide compounds and/or N,N'-C 5 -C 8 -cycloalkyl-bis-cyclohexanecarboxamide compounds; and/or 

50 - amino acid derivative type diamide compounds from amidation reaction of C 5 -C 8 -alkyl-, C 5 -C 8 -cycloalkyl- or 
C 6 -C 12 -arylamino acids, C 5 -C 8 -alkyl-, C 5 -C 8 -cycloalkyl- or C 6 -C 12 -aromatic monocarboxylic acid chlorides and 
C 5 -C 8 -alkyl-, C 5 -C 8 -cycloalkyl- or C 6 -C 12 -aromatic mono-amines, preferably N-phenyl-5-(N-benzoylamino)penta- 
neamide and/or N-cyclohexyl-4-N-cyclohexylcarbonylamino) benzamide, 

55 as p-nucleating agent. 

[0025] Examples of N,N'-di-C 5 -C 8 -cycloalkyl -2,6-naphthalene dicarboxamide compounds are 

N,N'-dicyclohexyl-2,6-naphthalene dicarboxamide and 
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N,N'-dicyclooctyl-2,6-naphthalene dicarboxamide. 

[0026] Examples of N,N'-di-C5-C 8 -cycloalkyl-4,4-biphenyldicarboxamide compounds are 

N^'-dicyclohexyl^^-biphenyldicarboxamide and 
N,N'-dicyclopentyl-4,4-biphenyldicarboxamide. 

[0027] Examples of N,N'-di-C 5 -C 8 -cycloalkyl-terephthalamide compounds are 

N,N'-dicyclohexylterephthalamide and 
N,N'-dicyclopentylterephthalamide. 

[0028] Examples of N,N'-di-C 5 -C 8 -cycloalkyl-1 ,4-cyclohexanedicarboxamide compounds are 

N,N'-dicyclohexyl-1 ,4-cyclohexanedicarboxamide and 
N,N'-dicyclohexyl-1 ,4-cyclopentanedicarboxamide. 

[0029] Examples of N,N'-di-C 6 -C 12 -aryl-C 5 -C 8 -diamide compounds are 

N,N'-bis(p-methylphenyl)hexanediamide, 
N,N'-bis(4-cyclohexylphenyl)hexanediamide, 
N,N'-diphenylhexanediamide, 
N,N'-diphenyloctanediamide and 
N,N'-bis(p-ethylphenyl)hexanediamide. 

[0030] Examples of N,r\r-C 6 -C 12 -arylene-bis-benzamide compounds are 

N,N'-p-phenylene-bis-benzamide and 
N,N'-1 ,5-naphthalene-bis-benzamide. 

[0031] Examples of N,N'-C 5 -C 8 -cycloalkyl-bis-benzamide compounds are 

N,N'-1 ,4-cyclopentane-bis-benzamide and 
N,N'-1 ,4-cyclohexane-bis-benzamide. 

[0032] Examples of N,N'-p-C 6 -C 12 -arylene-bis-C 5 -C 8 -cycloalkylcarboxamide compounds are 

N,N'-1 ,5-naphthalene-bis-cyclohexanecarboxamide and 
N,N'-1 ,4-phenylene-bis-cyclohexanecarboxamide. 

[0033] Examples of N,N'-C 5 -C 8 -cycloalkyl-bis-cyclohexanecarboxamide compounds are 

N,N'-1 ,4-cyclopentane-bis-cyclohexanecarboxamide and 
N,N'-1 ,4-cyclohexane-bis-cyclohexanecarboxamide. 

[0034] According to a further preferred embodiment the p-nucleated propylene polymer of the inventive propylene 
polymer pipes contains 0.0001 to 2.0 wt%, in each case based on the propylene polymers used, of quinacridone type 
compounds, preferably quinacridone; dimethylquinacridone and/or dimethoxyquinacridone; quinacridonequinonetype 
compounds, preferably quinacridonequinone, a mixed crystal of 5,12-dihydro(2,3b)acridine-7,14-dione with quino 
(2,3b)acridine-6,7,1 3,1 4-(5H,12H)-tetrone as disclosed in EP-B0 177 961 and/or dimethoxyquinacridonequinone; and/ 
or dihydroquinacridone type compounds, preferably dihydroquinacridone, dimethoxydihydroquinacridone and/or 
dibenzodihydroquinacridone, as p-nucleating agent. 

[0035] According to a further preferred embodiment the p-nucleated propylene polymer of the inventive propylene 
polymer pipes contains 0.01 to 2.0 wt%, in each case based on the propylene polymers used, dicarboxylic acid salts 
of metals from group Ma of periodic system, preferably pimelic acid calcium salt and/or suberic acid calcium salt; and/ 
or mixtures of dicarboxylic acids and salts of metals from group I la of periodic system, as p-nucleating agent. 
According to a further preferred embodiment the p-nucleated propylene polymer of the inventive propylene polymer 
pipes contains 0.01 to 2.0% by weight, in each case based on the propylene polymers used, salts of metals from group 
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Ha of periodic system and imido acids of the formula 



HOOC-E-CHrk-CH-N )y 
R CO 



10 

whereinx= 1 to 4; R = H, -COOH, C 1 -C 12 -alkyl ) C 5 -C 8 -cycloalkyl or C 6 -C 12 -aryl, and Y = C 1 -C 12 -alkyl, C 5 -C 8 -cycloalkyl 
or C 6 -C 12 -aryl - substituted bivalent C 6 -C 12 -aromatic residues, preferably calcium salts of phthaloylglycine, hexahy- 
drophthaloylglycine, N-phthaloylalanine and/ or N-4-methylphthaloylglycine, as (3-nucleating agent. 
[0036] The inventive propylene polymers used for producing pipes for pipelines may further contain usual auxiliary 
15 materials for example 0.01 to 2.5 wt% stabilizers and/or 0.01 to 1 wt% processing aids and/or 0.1 to 1 wt% antistatic 
agents and/or 0.2 to 3 wt% pigments, in each case based on the propylene polymers used. 

[0037] As stabilizers preferably mixtures of 0.01 to 0.6 wt% phenolic antioxidants, 0.01 to 0.6 wt% 3-arylbenzo- 
furanones, 0.01 to 0.6 wt% processing stabilizers based on phosphites, 0.01 to 0.6 wt% high temperature stabilizers 
based on disulfides and thioethers and/or 0.01 to 0.8 wt% sterically hindered amines (HALS) are suitable. 

20 [0038] A still further object of the present invention is a process for producing propylene polymer pipes and pipe 
components for pipelines with improved resistance to rapid crack propagation from a propylene homopolymer with a 
melt index of 0.05 to 8 g/1 0 min at 230°C/2.1 6 kg or propylene block copolymers from 90.0 to 99.9 wt% of propylene 
and 0.1 to 10.0 wt% of a-olefins with 2 or 4 to 18 carbon atoms with a melt index of 0.05 to 8 g/10 min at 230°C/2.16 
kg or mixtures thereof, wherein the propylene homopolymers or propylene block copolymers are (3-nucleated propylene 

25 polymers, and the propylene polymer pipes for pipelines made from the (3-nucleated propylene homopolymers have a 
rapid crack propagation characterized by a critical temperature of -5 to + 40°C and a critical pressure >3 bar below the 
critical temperature and the propylene polymer pipes and pipe components made from (3-nucleated propylene block 
copolymers have a rapid crack propagation characterized by a critical temperature of - 25 to 0°C and a critical pressure 
>3 bar below the critical temperature. 

30 [0039] For producing the inventive single- or multilayer propylene polymer pipes and pipe components for pipelines 
conventional extruders or injection molding machines are suitable. For example, extruders with short compression 
screws or 3-zone screws with LVD 20 to 40 are suitable for melting the propylene polymer pursuant to the inventive 
method. Preferably, 5-zone screws with a feed zone, compression zone, shear zone, decompression zone and ho- 
mogenizing zone are preferred. Screws with cutting depths of 1 : 2.5 to 1 : 3.5 are particularly suitable. Extruders 

35 equipped with a grooved barrel section are also suitable. Optionally, a melt pump and/or a static mixer can be used 
additionally between the extruder and the ring die head. Ring shaped dies with diameters ranging from approximately 
16 to 2000 mm and greater are possible. Advantageous die temperatures for discharging the melt are 190 to 240°C. 
After leaving the ring-shaped die, the polyolefin pipes are taken off over a vacuum calibrating sleeve, and cooled. 
[0040] Pipes could be manufactured by other extrusion processes such as injection molding, extrusion winding, rotor 

40 molding and blow molding and other appropriate processes. 

[0041] Preferred applications of the propylene polymer pipes for pipelines are the conveyance of fluids and pressu- 
rized flu ids such as natural gas and water and the like at service temperatures below room temperature and particularly 
also below the freezing point when applicable. 

45 Examples 

[0042] The following tests were made using injection molded test specimens prepared according to ISO 1873. 
Tensile modulus according to ISO 527 (cross head speed 1 mm/min) at +23°C Charpy impact strength, notched, ac- 
cording to ISO 179/1eA at -20°C Rapid crack propagation test on exxtruded pipes according to ISO 13477 

50 

Example 1 

1.1 Preparation of the (3-nucleated propylene polymer 
55 [0043] A mixture of 

90% by weight of a propylene block copolymer, obtained by combined bulk and gas phase polymerization using a 
Ziegler-Natta catalyst system with dicyclopentyldimethoxysilane as external donor, having an ethylene content of 8.3 
wt%, an IRt of the propylene homopolymer block of 0.985, and a melt index of 0.30 g/1 0 min at 230°C/2.1 6 kg, 
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10% by weight of a master batch comprising 99 parts by weight of a propylene block copolymer having an ethylene 
content of 8.3% by weight, an IRt of the propylene homopolymer block of 0.985, and a melt index of 0.30 g/1 0 min at 
230°C/2.16 kg, and 1 part by weight of pimelic acid calcium salt, and 0.1 wt% calcium stearate, 0.1 wt% tetrakis 
[methylene(3,5-di-t-butylhydroxyhydrocinnamate)]methaneand 0.1 wt%tris-(2,4-di-t-butylphenyl)phosphite, based on 
5 the sum of the propylene polymers used, is melted in a twin screw extruder with a temperature profile of 
100/1 45/1 85/21 0/220/225/225/225/220/200/1 85°C, homogenized, discharged and pelletized. 

The resulting polypropylene polymer has a melt index of 0.32 g/10 min at 230°C/2.16 kg, a tensile modulus of 1290 
MPa and a Charpy impact strength, using notched test specimens, of 39 kJ/m 2 at -20 °C. 

10 1 .2 Manufacture of the propylene polymer pipe for pipelines 

[0044] For producing the propylene polymer pipes for pipelines, the p-nucleated propylene polymer of 1 .1 is intro- 
duced in a single screw extruder (L/D=30, D=70mm, temperature profile 200/21 0/220/220/220/220/200° C, 40 rpm), 
melted, extruded through a ring shaped die with a diameter of 1 1 0 mm, taken off over a vacuum calibrating sleeve as 
15 a pipe of a diameter of 1 1 0 mm and a wall thickness of 1 0 mm, and cooled in a 6 m water bath at 20°C, the taking off 
velocity being 0.3 m/min. 

Rapid crack propagation test shows a critical temperature of -21 °C and a critical pressure of 8 bar at -26°C. 
Example 2 

20 

2.1 Preparation of the p-nucleated propylene polymer 
[0045] A mixture of 

94% by weight of a propylene homopolymer, obtained by bulk polymerization using a Ziegler-Natta catalyst system 
25 with dicyclopentyldimethoxysilaneas external donor, having an IRt of 0.985, and a melt index of 1 .1 g/10 min at230°C/ 
2.16 kg, 

6% by weight of a master batch comprising 99.8 parts by weight of a propylene block copolymer having an ethylene 
content of 8.3 wt%, an IRt of the propylene homopolymer block of 0.985 and a melt index of 0.30 g/1 0 min at 230°C/ 
2.16 kg, and 0.2 parts by weight of a mixed crystal of 5,12-dihydro(2,3b)acridine-7,14-dione with quino(2,3b)acridine- 
30 6,7,1 3,1 4-(5H,12H)-tetrone, and 0.05 wt% calcium stearate, 0.1 wt% tetrakis[methylene(3,5-di-t-butyl-hydroxyhydroc- 
innamate)]methane and 0.1 wt% tris-(2,4-di-t-butyl-phenyl)-phosphite, based on the sum of the propylene polymers 
used, is melted in a twin screw extruder with a temperature profile of 100/1 45/1 90/2 15/225/230/230/2 15/205/1 90° C, 
homogenized, discharged and pelletized. 

[0046] The resulting polypropylene polymer has a melt index of 1 .0 g/1 0 min at 230°C/2.1 6 kg, a tensile modulus of 
35 1 500 MPa and a Charpy impact strength, using notched test specimens, of 11 kJ/m 2 at -20 °C. 

2.2. Manufacture of the propylene polymer pipe for pipelines 

[0047] For producing the propylene polymer pipes for pipelines, the p-nucleated propylene polymer of 2.1 is intro- 
40 duced in a single screw extruder (L/D=30, D=70mm, temperature profile 200/21 0/225/225/225/225/205° C, 40 rpm), 
melted, extruded through a ring shaped die with a diameter of 1 1 0 mm, taken off over a vacuum calibrating sleeve as 
a pipe of a diameter of 1 1 0 mm and a wall thickness of 1 0 mm, and cooled in a 6 m water bath at 20°C, the taking off 
velocity being 0.35 m/min. 

[0048] Rapid Crack Propagation test results a critical temperature of -5°C and a critical pressure of 5 bar at -1 0°C. 

45 

Example 3 

3.1 Preparation of the p-nucleated propylene polymer 
50 [0049] A mixture of 

75% by weight of a propylene block copolymer obtained by combined bulk and gas phase polymerization using a 
Ziegler-Natta catalyst system with dicyclopentyldimethoxysilane as external donor, having an ethylene content of 8.3 
wt%, an IRt of the propylene homopolymer block of 0.985 and a melt index of 0.30 g/10 min at 230°C/2.16 kg, 
25% by weight of a master batch comprising 99.5 parts by weight of a propylene block copolymer having an ethylene 
55 content of 8.3 wt%, an IRt of the propylene homopolymer block of 0.985, and a melt index of 0.30 g/10 min at 230°C/ 
2.16 kg, and 0.5 parts by weight of hexahydrophthaloylglycine calcium salt, and 0.1 wt% calcium stearate, 0.1 wt% 
tetrakis[methylene(3,5-di-t-butylhydroxyhydrocinnamate)]methane and 0.1 wt% of tris-(2,4-di-t-butylphenyl)phosphite, 
based on the sum of the propylene polymers used, is melted in a twin screw extruder with a temperature profile of 
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100/1 45/1 85/21 0/220/225/225/200/1 85°C, homogenized, discharged and pelletized. 

The resulting polypropylene polymer has a melt index of 0.32 g/10 min at 230°C/2.16 kg, a tensile modulus of 1310 
MPa and a Charpy impact strength, notched, of 37 kJ/m 2 at -20°C. 

5 3.2 Manufacture of the propylene polymer pipe for pipelines 

[0050] For producing the propylene polymer pipes for pipelines, the p-nucleated propylene polymer of 3.1 is intro- 
duced in a single screw extruder (L/D=30, D=70mm, temperature profile 200/21 0/220/220/220/220/200° C, 40 rpm), 
melted, extruded through a ring shaped die with a diameter of 1 1 0 mm, taken off over a vacuum calibrating sleeve as 
10 a pipe of a diameter of 1 1 0 mm and a wall thickness of 1 0 mm, and cooled in a 6 m water bath at 20°C, the taking off 
velocity being 0.3 m/min. 

Rapid Crack Propagation test results a critical temperature of -19°C and a critical pressure of 7 bar at -24°C. 
Example 4 

15 

4.1 Preparation of the (3-nucleated propylene polymer 
[0051] A mixture of 

95 wt% of a propylene homopolymer, obtained by gas phase polymerization using a Ziegler-Natta catalyst system with 
20 dicyclopentyldimethoxysilane as external donor, having an IRt of 0.987, and a melt index of 1 .1 g/10 min at 230°C/ 
2.16 kg, 

5 wt% of a master batch comprising 97.5 parts by weight of a propylene homopolymer having an IRt of 0.987, and a 
melt index of 4.2 g/10 min at 230°C/2.16 kg, and 2.5 parts by weight of N,N'-dicyclohexyl-2,6-naphthalene dicarbox- 
amide, and 0.05 wt% calcium stearate, 0.1 wt% tetrakis[methylene(3,5-di-t-butylhydroxyhydrocinnamate)]-methane 
25 and 0.1 wt%tris-(2,4-di-t-butylphenyl)phosphite, based on the sum of the propylene polymers used, is melted in a twin 
screw extruder with a temperature profile of 100/1 45/1 90/21 5/225/225/225/205/1 90° C, homogenized, discharged and 
pelletized. 

[0052] The resulting polypropylene polymer has a melt index of 1 .2 g/1 0 min at 230°C/2.1 6 kg, a tensile modulus of 
1765 MPa and a Charpy impact strength, using notched test specimens, of 5.5 kJ/m 2 at -20°C. 

30 

4.2 Manufacture of the propylene polymer pipe for pipelines 

[0053] For producing the propylene polymer pipes for pipelines, the p-nucleated propylene polymer of 4.1 is intro- 
duced in a single screw extruder (UD=30, D=70mm, temperature profile 200/21 0/225/225/225/225/205° C, 40 rpm), 
35 melted, extruded through a ring shaped die with a diameter of 1 1 0 mm, taken off over a vacuum calibrating sleeve as 
a pipe of a diameter of 1 1 0 mm and a wall thickness of 1 0 mm, and cooled in a 6 m water bath at 20°C, the taking off 
velocity being 0.35 m/min. 

[0054] Rapid Crack Propagation test results a critical temperature of +2.5°C and a critical pressure of 5 bar at -2.5°C. 

40 

Claims 

1 . Propylene polymer single- or multilayer pipes and pipe components for pipelines with improved resistance to rapid 
crack propagation comprising a propylene homopolymer with a melt index of 0.05 to 8 g/1 0 min at 230°C/2.1 6 kg 

45 or propylene block copolymers from 90.0 to 99.9 wt% of propylene and 0.1 to 10.0 wt% of a-olefins with 2 or 4 to 

1 8 carbon atoms with a melt index of 0.05 to 8 g/1 0 min at 230°C/2. 1 6 kg or mixtures thereof, wherein the propylene 
homopolymers or propylene block copolymers are p-nucleated propylene polymers, and the propylene polymer 
pipes for pipelines made from the p-nucleated propylene homopolymers have a rapid crack propagation charac- 
terized by a critical temperature of -5 to + 40°C and a critical pressure >3 bar below the critical temperature and 

50 the propylene polymer pipes made from p-nucleated propylene block copolymers have a rapid crack propagation 

characterized by a critical temperature of - 25 to 0°C and a critical pressure >3 bar below the critical temperature. 

2. Propylene polymer pipes and pipe components according to claim 1 , wherein the p-nucleated propylene polymers 
of the propylene polymer pipes are p-nucleated propylene homopolymers having an IRt >0.98, a tensile modulus 

55 >1500 MPa at +23°C and a Charpy impact strength, of >3kJ/m 2 at -20°C using notched test specimens or the p- 

nucleated propylene block copolymers having an I Rt of the propylene homopolymer block of 0.98, a tensile mod- 
ulus >1 1 00 MPa at 23°C and a Charpy impact strength at -20°C of >6 kJ/m 2 using notched test specimens. 
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Propylene polymer pipes according to claim 2, wherein the p-nucleated propylene polymers with an IRt >0.98 
being propylene polymers obtained by polymerization with a Ziegler-Natta catalyst system comprising titanium- 
containing solid components, an organoalumina, magnesium or titanium compound as cocatalyst and an external 
donor according to the formula 

R x R' y Si(MeO) 4 . x . y 

wherein R and R' are identical or different and are branched or cyclic aliphatic or aromatic hydrocarbon residues, 
and y and x independently from each other are 0 or 1 , provided that x + y are 1 or 2. 

Propylene polymer pipes according to claim 3, wherein the external donor is dicyclopentyldimethoxysilane. 

Propylene polymer pipes of one of claims 1 to 4, wherein the p-nucleated propylene polymer contains 0.01 to 2.0 
wt%, in each case based on the propylene polymers used, of 

dicarboxylic acid derivative type diamide compounds from C 5 -C 8 -cycloalkyl monoamines or C 6 -Ci 2 -aromatic 
monoamines and C 5 -C 8 -aliphatic, C 5 -C 8 -cycloaliphatic or C 6 -C 12 -aromatic dicarboxylic acids, preferably N, 
N'-di-C 5 -C 8 -cycloalkyl-2,6-naphthalene dicarboxamide corn-pounds, N,N'-di-C 5 -C 8 -cycloalkyl-4,4-biphenyldi- 
carboxamide compounds, N,N'-di-C 5 -C 8 -cycloalkylterephthalamide compounds, N,N'-di-C 5 -C 8 -cycloalkyl- 
1 ,4-cyclohexanedicarbox-amide compounds and/or N,N'-di-C 6 -C 12 -aryl-C 5 -C 8 -diamide compounds; and/or 
diamine derivative type diamide compounds from C 5 -C 8 -cycloalkyl monocarboxylic acids or C 6 -C 12 -aromatic 
monocarboxylic acids and C 5 -C 8 -cycloaliphatic or C 6 -C-| 2 -aromatic diamines, preferably N,N' - C 6 -C 12 - 
arylene-bis-benzamide compounds, N,N'-C5-C 8 -cycloalkyl-bis-benzamide compounds, N,N'-p-C 6 -C 12 - 
arylene-bis-C 5 -C 8 -cycloalkylcarboxamide compounds and/or N,N'-C 5 -C 8 -cycloalkyl-bis-cyclohexanecarboxa- 
mide compounds; and/or 

amino acid derivative type diamide compounds from amidation reaction of C 5 -C 8 -alkyl-, C 5 -C 8 -cycloalkyl- or 
C 6 -Ci 2 -arylamino acids, C 5 -C 8 -alkyl-, C 5 -C 8 -cycloalkyl- orC 6 -C 12 -aromatic monocarboxylic acid chlorides and 
C 5 -C 8 -alkyl-, C 5 -C 8 -cycloalkyl- or C 6 -C 12 -aromatic mono-amines, preferably N-phenyl-5-(N-benzoylamino) 
pentaneamide and/or N-cyclohexyl-4-N-cyclohexylcarbonylamino) benzamide, 

as p-nucleating agent. 

Propylene polymer pipes of one of claims 1 to 4, wherein the p-nucleated propylene polymer contains 0.0001 to 
2.0 wt%, based on the polypropylene used, quinacridone type compounds, preferably quinacridone, dimethyl- 
quinacridone and/or dimethoxyquinacridone; quinacridonequinone type compounds, preferably quinacridonequi- 
none, a mixed crystal of 5,12-dihydro(2,3b)acridine-7,14-dione with quino(2,3b)acridine-6,7,13,14-(5H,12H)-tet- 
rone and/or dimethoxyquinacridonequinone; and/or dihydroquinacridone type compounds, preferably dihydro- 
quinacridone, dimethoxydihydroquinacridone and/or dibenzodihydroquinacridone, as p-nucleating agent. 

Propylene polymer pipes of one of claims 1 to 4, wherein the p-nucleated propylene polymer contains 0.01 to 2.0 
wt%, based on the polypropylene used, dicarboxylic acid salts of metals from group Ma of periodic system, pref- 
erably pimelic acid calcium salt and/or suberic acid calcium salt; and/or mixtures of dicarboxylic acids and salt of 
metals from group I la of periodic system, as p-nucleating agent. 

Propylene polymer pipes of one of claims 1 to 4, wherein the p-nucleated propylene polymer contains 0.01 to 2.0 
wt%, based on the polypropylene used, salts of metals from group Ma of periodic system and imido acids of the 
formula 



.CO 

HOOC-f CH^CH-N Y 
R CO 



wherein x = 1 to 4; R = H, -COOH, C r C 12 -alkyl, C 5 -C 8 -cycloalkyl or C 6 -C 12 -aryl, and Y = C r C 12 -alkyl, C 5 -C 8 - 
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cycloalkyl or C 6 -C 12 -aryl - substituted bivalent C 6 -C 12 -aromatic residues, preferably calcium salts of phthaloylgly- 
cine, hexahydrophthaloylglycine, N-phthaloylalanine and/ or N-4-methylphthaloylglycine, as (3-nucleating agent. 

A process for producing single- or multilayer propylene polymer pipes and pipe components for pipelines with 
improved resistance to rapid crack propagation from a propylene homopolymer with a melt index of 0.05 to 8 g/ 
10 min at 230°C/2.16 kg or propylene block copolymers from 90.0 to 99.9 wt% of propylene and 0.1 to 10.0 wt% 
of cc-olefins with 2 or 4 to 18 carbon atoms with a melt index of 0.05 to 8 g/1 0 min at 230 °C/2.1 6 kg or mixtures 
thereof, wherein the propylene homopolymers or propylene block copolymers are p-nucleated propylene polymers, 
and the propylene polymer pipes for pipelines made from the p-nucleated propylene homopolymers have rapid 
crack propagation properties characterized by a critical temperature of -5 to + 40°C and a critical pressure >3 
bar below the critical temperature and the propylene polymer pipes made from p-nucleated propylene block co- 
polymers have a rapid crack propagation characterized by a critical temperature of -25 to 0°C and a critical 
pressure >3 bar below the critical temperature. 

0. Use of propylene polymer pipes for pipelines of one of claims 1 to 8 for the conveyance of fluids and pressurized 
fluids such as natural gas and water and the like. 
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copolymers have a rapid crack propagation 
characterized by a critical temperature of -25 to 
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critical temperature. The propylene polymer pipes 
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